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FOREWORD

The mission of the U.S. Geological Survey (USGS) is
to assess the quantity and quality of the earth resources
of'the Nation and to provide information that will assist
resource managers and policymakers at Federal, State,
and local levels in making sound decisions.
Assessment of water-quality conditions and trends is
an important part of this overall mission.

One of the greatest challenges faced by water-resources
scientists is acquiring reliable information that will
guide the use and protection of the Nation’s water
resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of
remediation plans for a specific contamination
problem; operational decisions on industrial,
wastewater, or water-supply facilities; and research on
factors that affect water quality. An additional need for
water-quality information is to provide a basis on
which regional and national-level policy decisions can
be based. Wise decisions must be based on sound
information. As a society we need to know whether
certain types of water-quality problems are isolated or
ubiquitous, whether there are significant differences in
conditions among regions, whether the conditions are
changing over time, and why these conditions change
from place to place and over time. The information can
be used to help determine the efficacy of existing
water-quality policies and to help analysts determine
the need for and likely consequences of new policies.

To address these needs, the Congress appropriated
funds in 1986 for the USGS to begin a pilot program in
seven project areas to develop and refine the National
Water-Quality Assessment (NAWQA) Program. In
1991, the USGS began full implementation of the
program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a large
part of the Nation’s freshwater streams, rivers, and
aquifers.

+ Describe how water quality is changing over time.
+ Improve understanding of the primary natural and
human factors that affect water-quality resources.

This information will help support the development
and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being achieved
through ongoing and proposed investigations of 60 of
the Nation’s most important river basins and aquifer
systems, which are referred to as study units. These
study units are distributed throughout the Nation and
cover a diversity of hydrogeologic settings. More than
two-thirds of the people served by public water-supply
systems live within their boundaries.

National synthesis of data analysis, based on
aggradation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive body of
information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are greatly
appreciated.

Vet pfleiat

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 2.54 centimeter
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 4,047 square meter
acre 0.4047 hectare
acre 0.4047 square hectometer
acre 0.004047 square kilometer
square mile (mi?) 259.0 hectare
square mile (mi?) 2.590 square kilometer
pint (pt) 0.4732 liter
quart (qt) 0.9464 liter
gallon (gal) 3.785 liter

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F = (1.8 x °C) + 32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/18

Sea level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the

United States and Canada, formerly called Sea Level Datum of 1929.

Altitude, as used in this report, refers to distance above or below sea level.

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or

micrograms per liter (ug/L).
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Ground-Water Data

Ground-water quality was assessed through the use of
previously collected data as well as a reconnaissance survey and
two flowpath studies. Prior to the current study, Exner and Spal-
ding (1990) conducted a study of the occurrence of pesticides and
nitrate in ground water in Nebraska. They collected water samples
or compiled data of 2,260 pesticide and 5,826 nitrate analyses. For
the current study, Zelt and Jordan (1993) compiled a screened data
set of 5,499 ground-water samples collected at 4,047 sampling
sites in the CNBR study unit. These data were used to characterize
the general water-quality conditions in the study unit in a manner
consistent with the NAWQA study units nationwide. A study of
nitrogen and phosphorus in water as related to the four environ-
mental settings in the study unit was conducted by Helgesen and
others (1994) using the data set compiled by Zelt and Jordan
(1993).

The reconnaissance survey was designed to determine if
the available data statistically could be used to compare ground-
water quality in the CNBR study unit to other study units across
the country. The survey was restricted to the Platte Valley environ-
mental setting because the Platte River alluvial aquifer is suscep-
tible to contamination due to land use practices and because about
99 percent of the land use in the study unit is agricultural. CNBR
researchers conducted this limited reconnaissance survey in 1994.
The survey was designed to target agriculture-related constituents
in the Platte River alluvial aquifer although the ground-water
samples also were analyzed for major ions, dissolved organic
carbon, trace elements, volatile and semivolatile organic
compounds, and radionuclides. Samples were collected once from
11 available wells areally distributed throughout the aquifer.

Flowpath studies were used to define the areal, vertical,
and temporal distribution of chemical constituents in ground water
over a relatively small area within an environmental setting.
During 1994-95, two flowpath studies were conducted in the
Platte Valley environmental setting. Clusters of wells were
installed along transects in a wet meadow for a riparian-wetlands
flowpath study and in the City of Grand Island municipal well
field for a public water-supply flowpath study. A total of 63 obser-
vation wells were installed by the USGS for the two flowpath
studies.

The observation wells were drilled, installed, and
completed, and samples were collected and preserved following
procedures established for the NAWQA Program (Hardy and
others, 1989; Lapham and others, 1995; and Koterba and others,
1995). A generator was used to provide electrical power to
operate a small-diameter, stainless-steel positive-displacement
pump equipped with a Teflon discharge line. The pump was used
to collect all samples from wells that required a pump. In produc-
tion wells, the samples were collected as near to the well head as
possible using the existing in-well pumps.

Ecological Data

The ecological component of the NAWQA Program
involved collection of contaminant, habitat, and community data
from fixed and synoptic sites. The occurrence of contaminants
was determined by sampling fish tissues and bed sediments as
described by Crawford and Luoma (1993) and Shelton and Capel
(1994).

Collection of ecological samples included the surface-
water fixed-station and synoptic-sampling networks. The nine
ecological fixed sites are the same as the surface-water fixed sites
with the exception of the Tri-County Canal site, which was
replaced by the North Channel of the Platte River at Brady site.
Stream habitat features were characterized at the nine fixed sites.
All fixed sites were sampled in 1993 and 1994 with the exception
of the Platte River near Louisville, which was not sampled in
1994. At Dismal River near Thedford, Platte River near Grand
Island, and Maple Creek near Nickerson, a single reach was
sampled in 1993, 1994, and 1995, to document changes to the
reach over time. In 1994, two additional reaches were sampled at
the Thedford, Grand Island, and Nickerson sites to document the
variability between stream reaches within a stream segment.

Synoptic sites were sampled to address specific water-
quality questions. Streambed-sediment and fish-tissue samples
were collected at 22 sites and analyzed for synthetic organic
compounds and trace elements. Wetlands in the study unit are
heavily used by migratory birds as resting and feeding areas, and
provide a highly diverse habitat for other wildlife. Thirty-one
sites were sampled for water-column and bed-sediment analysis,
and algal, benthic invertebrate, and plant community structure
during two synoptic surveys in May and August of 1994.

Specific methods used to measure the various habitat
features that characterize the streambed, banks, and flood plains
at the fixed and synoptic sites are described in Meador, Hupp, and
others (1993). Aquatic communities include algal, invertebrate,
and fish assemblages. Algal sampling methods are described by
Porter and others (1993). Benthic invertebrates were sampled
from the same habitats as algal communities using methods
described by Cuffney and others (1993). Fish assemblages were
sampled using pulsed-direct-current electrofishing equipment
(Meador, Cuftney, and others, 1993). Fish were identified by
species onsite by USFWS personnel. The methods for the collec-
tion and processing of wetland samples were developed from
modified NAWQA ecological protocols (Swanson, 1995).

Sample Analysis

All surface-water, ground-water, bed-sediment, and tissue
samples were analyzed at the USGS National Water-Quality
Laboratory in Arvada, Colorado, or at the USGS Organic
Geochemistry Research Laboratory in Lawrence, Kansas. Water
samples collected for the wetlands synoptic surveys were
analyzed for chlorophyll by the University of Nebraska in
Lincoln, Nebraska. Suspended-sediment samples were analyzed
by the USGS Sediment Laboratory in Iowa City, lowa. Benthic
invertebrate samples were identified and enumerated at Kansas
University in Lawrence, Kansas. Algal samples were identified
and enumerated by the Academy of Natural Sciences of Philadel-
phia, Pennsylvania. Biological data were compiled and examined
for integrity and completeness by the USGS Biological Quality
Assurance Unit in Arvada, Colorado. Data collected by this study
are stored or planned for storage in the USGS National Water
Information System.
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Quality Assurance

The NAWQA Program is designed with a commitment to the
quality assurance of the data collected. Several methods of quality
assurance were used to ensure that the data sets were valid, including
adherence to nationally consistent protocols and equipment for
sample collection.

Field equipment was cleaned and handled in a manner that
minimized the risk of contamination. Field meters were calibrated,
maintained, and transported to ensure accurate results (Shelton,
1994). Samples were documented and all field measurements and
stream-discharge values were computed and examined for correct-
ness.

A total of 17 percent of all samples were collected for the
purpose of quality assurance. These included blank, reference,
matrix-spike, and replicate samples. Blanks accounted for
6.5 percent of all samples collected. They consisted of inorganic or
organic-free blank water that was exposed to a variety of equipment
and conditions to check for contamination. The degradation and
recovery of constituents and the accuracy of analyzing instruments
were verified with reference and matrix-spike samples, which repre-
sented 2.2 percent of all samples collected. Reference samples are
defined as a known concentration of the analyte of interest in a solu-
tion of blank water. Matrix spikes are known concentrations of an
analyte in solution with sample water. Instrument accuracy also was
checked by the comparison of sample splits, 5.6 percent of all
samples collected. Sampling method accuracy was measured
through the collection of sample replicates, which constituted
2.7 percent of all samples collected. Replicates are separate samples
collected either sequentially or concurrently, whereas splits are sepa-
rate analyses run on the same sample. Quality-assurance samples
were submitted to laboratories using actual station identification
numbers that were entered into the database and differed from
regular samples by time and quality-assurance sample type.

The validity of the collected data was examined by passing
the data through a series of chemical logic checks and by investi-
gating outlying values. All analytical values were tabulated and
inspected for accuracy and missing entries. Data failing the validity
checks were excluded from the database.

Splits of some benthic invertebrate samples were submitted
to the analyzing entities to check the completeness of the identifica-
tion and enumeration process. At times, the elutriate, which is the
sediments and debris remaining after the sampling process, were
examined for organisms that might have escaped sample processing.

6 Water-Quality Assessment of the Central Nebraska Basins—Design for Field Operations, 1992 Through 1995



DESIGN FOR FIELD OPERATIONS

Field activities of the CNBR study unit were designed to answer specific questions of interest at the national, regional, and study unit
level. The following sections present the questions, the field strategy, and the data collected to address these questions.
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Surface-Water Fixed-Site Monitoring Network

Questions

How does basic water quality and pesticide contamination
change in surface water over time at sites that are representative of
the four environmental settings in central Nebraska? What are the
relative loads of selected herbicides in basins that represent the four
environmental settings in central Nebraska?

Field Strategy

Temporal monitoring of water quality necessitates the estab-
lishment of fixed sites for a common reference over time. The
CNBR research team established a network of nine fixed sites and
operated the sites from April 1993 through September 1995. The
sites were selected if they had available water-quality data and avail-
able streamflow discharge records.

The fixed sites are classified as indicator and integrator sites.
The CNBR study unit indicator sites, which were representative of
relatively small basins (20 to 200 mi?) of homogeneous land use and
physiographic characteristics, were: Dismal River near Thedford,
Prairie Creek near Ovina, Shell Creek near Columbus, and Maple
Creek near Nickerson (fig. 2). Integrator sites, which were represen-
tative of large areas of the CNBR study unit with diverse land use
and physiographic characteristics, were: Tri-County Canal
1.25 miles below diversion, at the upstream end of the study unit;
Platte River at Louisville, at the downstream end of the study unit;
Elkhorn River at Waterloo; Platte River near Grand Island; and
Loup River at Palmer (fig. 2). The Tri-County Canal site was
selected to represent streamflow entering the upstream end of the
study unit, because usually more than 90 percent of the Platte River
is diverted into this canal immediately below the confluence of the
North and South Platte Rivers. All other streamflow is considered
to originate within the study unit.

Field parameters were measured and samples were collected
for basic chemistry and pesticide analyses on a monthly basis to
determine seasonal variability. As many as six additional samples
were collected each year during targeted hydrologic conditions.
Targeted hydrologic conditions were the deciles of historic mean
daily discharges, from 10 to 90 percent, and peak streamflow condi-
tions, of 1 and 3 percent, as determined from the analysis of flow
duration curves for each site. Samples were distributed temporally
to assess seasonal variability and hydrologically to assess water
quality under differing flow conditions. Multi-weekly sampling was
conducted at Maple Creek near Nickerson and the Platte River at
Louisville from May to August 1992 to investigate short-term vari-
ability during the crop growing season. These sites were called
intensive prototype fixed sites. Flow at the two upstream fixed
sites—Dismal River near Thedford and Tri-County Canal—reflect
dramatically different climatic and hydrologic characteristics from
the other fixed sites. Both sites, which exhibit little variability in
flow—the Dismal River, because of natural hydrologic characteris-
tics, and Tri-County Canal, because of regulation of flow—were
sampled only quarterly with two additional samples per year during
comparatively rare high-flow conditions. All fixed sites will be acti-
vated again during subsequent intensive data-collection periods to
evaluate trends in water quality.

Data Collection

Basic

fixed-site water-column constituents
Field parameters

Major ions

Nutrients

Organonitrogen herbicides
Dissolved organic carbon
Suspended sediment

Enhanced basic fixed-site water-column constituents

Field parameters

Major ions

Nutrients

Organonitrogen herbicides
Organochlorine pesticides
Synthetic organic compounds
Dissolved organic carbon
Suspended sediment

Prototype intensive fixed-site water-column constituents

Field parameters

Major ions

Nutrients

Organonitrogen herbicides
Synthetic organic compounds
Suspended sediment

Sites*
Bl Tri-County Canal 1.25 mi below diversion
B2 Dismal River near Thedford
B3 Loup River near Palmer
B4 Platte River near Grand Island
BS5 Elkhorn River at Waterloo
EBI1 Shell Creek near Columbus
EB2 Prairie Creek near Ovina
I1 Maple Creek near Nickerson
12 Platte River at Louisville

*See site explanation for complete site description (page 3).
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